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DESCRIPTION 

QUADRATURE MODULATION APPARATUS, METHOD, PROGRAM, AND 

RECORDING MEDIUM 

TECHNICAL FIELD 

The present invention relates to a correction of a quadrature 
modulator. 

BACKGROUND ART 

It has conventionally been practiced to generate an RF (Radio 
Frequency) signal from an IF (Intermediate Frequency) signal by means of 
the quadrature modulation. FIG. 9 shows a quadrature modulation circuit 
according to prior art. 

With reference to FIG. 9, IF signals include an I signal and a Q signal. 
The I signal is amplified by an amplifier 102. The amplified I signal is then 
mixed with a local signal generated by a local signal source 300 by a 
multiplier 104 to obtain an RF signal. The Q signal is amplified by an 
amplifier 202. The phase of the local signal generated by the local signal 
source 300 is shifted by 90 degrees by a phase shifter 304. The Q signal, 
which has been amplified by the amplifier 202, is mixed with the local signal 
whose phase has been shifted by 90 degrees by a multiplier 204 to obtain an 
RF signal. The output of the multiplier 104 is added to the output of the 
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multiplier 204, and a result of the addition is then output as an RF signal by 
an adder 400. 

On this occasion, it is difficult to maintain the difference in phase 
between the local signal supplied to the multiplier 104, and the local signal 
supplied to the multiplier 204 exactly to 90 degrees. Therefore, there is 
generated a phase error if the phase difference cannot be maintained exactly 
to 90 degrees. Moreover, since there are the two systems of the IF signals- 
the I signal and the Q signal, there may be generated a difference in the 
amplitude between the I signal and the Q signal, resulting in amplitude 
errors. It is thus necessary to remove the errors, namely to carry out 
corrections. 

For the correction, there are provided signals used for the correction 
as the I signal and the Q signal. A signal output from the adder 400 as a 
result of the signals used for the correction being provided is demodulated by 
means of the quadrature demodulation to obtain IF signals, and the 
correction is carried out based upon a measurement result of the IF signals. 

A patent document 1 (Japanese Laid- Op en Patent Publication 
(Kokai) No. 2001 333120) describes a correction of a demodulator. 

However, according to the correction according to the prior art, the 
RF signal obtained by means of the quadrature modulation has to be 
demodulated by means of the quadrature demodulation. 

An object of the present invention is to correct an RF signal, which is 
obtained by means of the quadrature modulation, without carrying out the 
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quadrature demodulation. 

DISCLOSURE OF THE INVENTION 

According to the present invention, a quadrature modulation 
apparatus includes- an in-phase signal converting unit that outputs an 
in-phase conversion signal by mixing an in-phase local signal of a 
predetermined local frequency with an in-phase correction user signal 
obtained by adding an in-phase user signal to an in-phase correction signal 
of a sinusoidal voltage; a quadrature signal converting unit that outputs a 
quadrature conversion signal by mixing a quadrature local signal which is 
different in phase by 90 degrees from the in-phase local signal, with a 
quadrature correction user signal obtained by adding a quadrature user 
signal to a quadrature correction signal, which is different in phase by 90 
degrees from the in-phase correction signal; an adding unit that adds the 
in-phase conversion signal to the quadrature conversion signal; an output 
voltage measuring unit that measures an output voltage of the adding unit; 
and an error determining unit that determines an error of the quadrature 
modulation based upon the measurement result of the output voltage 
measuring unit. 

According to the thus constructed invention, an in-phase signal 
converting unit outputs an in-phase conversion signal by mixing an in-phase 
local signal of a predetermined local frequency with an in-phase correction 
user signal obtained by adding an in-phase user signal to an in-phase 
correction signal of a sinusoidal voltage. A quadrature signal converting 
unit outputs a quadrature conversion signal by mixing a quadrature local 
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signal which is different in phase by 90 degrees from the in-phase local 
signal, with a quadrature correction user signal obtained by adding a 
quadrature user signal to a quadrature correction signal, which is different 
in phase by 90 degrees from the in-phase correction signal. An adding unit 
adds the in-phase conversion signal to the quadrature conversion signal. 
An output voltage measuring unit measures an output voltage of the adding 
unit. An error determining unit determines an error of the quadrature 
modulation based upon the measurement result of the output voltage 
measuring unit. 

According to the present invention, it is preferable that the error 
determining unit may measure the error of the quadrature modulation based 
upon a relationship of the output voltage of the adding unit with respect to 
the phase of the in-phase correction signal or the quadrature correction 
signal. 

According to the present invention, it is preferable that the error 
determining unit may determine an error relating to an amplitude, an 
orthogonality, and an offset of the in-phase user signal and the quadrature 
user signal. 

According to the present invention, a quadrature modulation 
apparatus includes* a signal converting unit that outputs a conversion signal 
by mixing a local signal of a predetermined local frequency with an offset 
user signal obtained by adding a DC voltage signal to a user signal; an 
output voltage measuring unit that measures a voltage of the conversion 
signal; and an optimum voltage deciding unit that decides an optimum 
voltage such that the voltage measured by the output voltage measuring unit 
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is minimum. 

According to the thus constructed invention, a signal converting unit 
outputs a conversion signal by mixing a local signal of a predetermined local 
frequency with an offset user signal obtained by adding a DC voltage signal 
to a user signal. An output voltage measuring unit measures a voltage of 
the conversion signal. An optimum voltage deciding unit decides an 
optimum voltage such that the voltage measured by the output voltage 
measuring unit is minimum. 

According to the present invention, a quadrature modulation method 
includes- an in-phase signal converting step of outputting an in-phase 
conversion signal by mixing an in-phase local signal of a predetermined local 
frequency with an in-phase correction user signal obtained by adding an 
in-phase user signal to an in-phase correction signal of a sinusoidal voltage; 
a quadrature signal converting step of outputting a quadrature conversion 
signal by mixing a quadrature local signal which is different in phase by 90 
degrees from the in-phase local signal, with a quadrature correction user 
signal obtained by adding a quadrature user signal to a quadrature 
correction signal, which is different in phase by 90 degrees from the in-phase 
correction signal; an adding step of adding the in-phase conversion signal to 
the quadrature conversion signal; an output voltage measuring step of 
measuring an output voltage of the adding step; and an error determining 
step of determining an error of the quadrature modulation based upon the 
measurement result of the output voltage measuring step. 

According to the present invention, a quadrature modulation method 
includes : a signal converting step of outputting a conversion signal by mixing 
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a local signal of a predetermined local frequency with an offset user signal 
obtained by adding a DC voltage signal to a user signal; an output voltage 
measuring step of measuring a voltage of the conversion signal; and an 
optimum voltage deciding step of deciding an optimum voltage such that the 
voltage measured by the output voltage measuring step is minimum. 

The present invention is a program of instructions for execution by 
the computer to perform a processing of a quadrature modulation apparatus 
including* an in-phase signal converting unit that outputs an in-phase 
conversion signal by mixing an in-phase local signal of a predetermined local 
frequency with an in-phase correction user signal obtained by adding an 
in-phase user signal to an in-phase correction signal of a sinusoidal voltage; 
a quadrature signal converting unit that outputs a quadrature conversion 
signal by mixing a quadrature local signal which is different in phase by 90 
degrees from the in-phase local signal, with a quadrature correction user 
signal obtained by adding a quadrature user signal to a quadrature 
correction signal, which is different in phase by 90 degrees from the in-phase 
correction signal; an adding unit that adds the in-phase conversion signal to 
the quadrature conversion signal; and an output voltage measuring unit that 
measures an output voltage of the adding unit, the processing including* an 
error determining step of determining an error of the quadrature modulation 
based upon the measurement result of the output voltage measuring unit. 

The present invention is a program of instructions for execution by 
the computer to perform a processing of a quadrature modulation apparatus 
including- a signal converting unit that outputs a conversion signal by 
mixing a local signal of a predetermined local frequency with an offset user 
signal obtained by adding a DC voltage signal to a user signal; and an output 
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voltage measuring unit that measures a voltage of the conversion signal, the 
processing including- an optimum voltage deciding step of deciding an 
optimum voltage such that the voltage measured by the output voltage 
measuring unit is minimum. 

The present invention is a computer-readable medium having a 
program of instructions for execution by the computer to perform a 
processing of a quadrature modulation apparatus including- an in-phase 
signal converting unit that outputs an in-phase conversion signal by mixing 
an in phase local signal of a predetermined local frequency with an in-phase 
correction user signal obtained by adding an in-phase user signal to an 
in-phase correction signal of a sinusoidal voltage; a quadrature signal 
converting unit that outputs a quadrature conversion signal by mixing a 
quadrature local signal which is different in phase by 90 degrees from the 
in phase local signal, with a quadrature correction user signal obtained by 
adding a quadrature user signal to a quadrature correction signal, which is 
different in phase by 90 degrees from the in-phase correction signal; an 
adding unit that adds the in-phase conversion signal to the quadrature 
conversion signal; and an output voltage measuring unit that measures an 
output voltage of the adding unit, the processing including- an error 
determining step of determining an error of the quadrature modulation 
based upon the measurement result of the output voltage measuring unit. 

The present invention is a computer-readable medium having a 
program of instructions for execution by the computer to perform a 
processing of a quadrature modulation apparatus including- a signal 
converting unit that outputs a conversion signal by mixing a local signal of a 
predetermined local frequency with an offset user signal obtained by adding 
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a DC voltage signal to a user signal; and an output voltage measuring unit 
that measures a voltage of the conversion signal, the processing including: 
an optimum voltage deciding step of deciding an optimum voltage such that 
the voltage measured by the output voltage measuring unit is minimum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram showing a configuration of a 
quadrature modulation apparatus 1 according an embodiment of the present 
invention; 

FIG. 2 is a functional block diagram showing a configuration of the 
quadrature modulation apparatus 1 upon the in-phase correction signal 
output unit 321 and the quadrature correction signal output unit 32Q being 
caused to operate; 

FIG. 3 is a diagram showing waveforms of the in-phase correction 
signal VI and the quadrature correction signal VQ; 

FIG. 4 shows a relationship between the output voltage V and the 
phase <t> (phase of the in-phase correction signal VI and the quadrature 
correction signal VQ) of the amplifier 22 if 8 = 0, and i = q = 1.0 (no errors); 

FIG. 5 is a diagram showing a general trajectory of the voltage V; 

FIG. 6 is a functional block diagram showing a configuration of the 
quadrature modulation apparatus 1 upon the in-phase DC voltage signal 
output unit 421 being caused to operate; 

FIG. 7 shows a relationship between the voltage AV of the DC voltage 
signal and the local leak. 

FIG. 8 shows a flowchart showing an operation of the embodiment of 
the present invention; and 
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FIG. 9 shows a quadrature modulation circuit according to prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given of an embodiment of the present 
invention with reference to drawings. 

FIG. 1 is a functional block diagram showing a configuration of a 
quadrature modulation apparatus 1 according the embodiment of the 
present invention. The quadrature modulation apparatus 1 is provided 
with low-pass filters 121, 12Q, an in-phase multiplier (in-phase signal 
converting means) 141, a quadrature multiplier (quadrature signal 
converting means) 14Q, a local oscillator 16, a 90° phase shifter 17, an adder 
18, an amplifier 19, a low-pass filter 20, and an amplifier 22. 

The low-pass filter 121 is a filter which removes a higher harmonic 
component mixed in an I signal (in-phase user signal). The low-pass filter 
12Q is a filter which removes a higher harmonic component mixed in a Q 
signal (quadrature user signal). 

The in-phase multiplier (in-phase signal converting means) 141 
outputs an in-phase conversion signal by mixing an output of the local 
oscillator 16 with an output of the low-pass filter 121. 

The quadrature multiplier (quadrature signal converting means) 
14Q outputs a quadrature conversion signal by mixing an output of the 90° 
phase shifter 17 with an output of the low-pass filter 12Q. 
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The local oscillator 16 generates an in-phase local signal Lo. 

The 90° phase shifter 17 receives the in-phase local signal Lo from 
the local oscillator 16, and outputs the quadrature local signal which is 
obtained by shifting the phase of the in-phase local signal Lo by 90°. 

The adder 18 adds the in-phase conversion signal output from the 
in-phase multiplier 141 to the quadrature conversion signal output from the 
quadrature multiplier 14Q. 

The amplifier 19 amplifies the output from the adder 18. 

The low-pass filter 20 is a filter which removes a higher harmonic 
component mixed in an output from the multiplier 19. 

The amplifier 22 amplifies an output of the low-pass filter 20. An 
output of the amplifier 22 is an RF signal. This RF signal is a modulated 
signal obtained by modulating the I signal and the Q signal. The modulated 
signal includes errors caused by the quadrature modulation by the in-phase 
multiplier 141 and the quadrature multiplier 14Q. Therefore, it is desirable 
to correct the modulated signal by removing the errors. 

For the correction of the modulated signal, the quadrature 
modulation apparatus 1 is further provided with an in-phase correction 
signal output unit 321, a resistor 341, a quadrature correction signal output 
unit 32Q, a resistor 34Q, an in-phase DC voltage signal output unit 421, a 
resistor 441, a quadrature DC voltage signal output unit 42Q, a resistor 44Q, 
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a resistor 54, a power detector (output voltage measuring means) 56, a 
low pass filter 58, an A/D converter 60, an error determining part 62, and an 
optimum voltage deciding part 64. 

FIG. 2 is a functional block diagram showing a configuration of the 
quadrature modulation apparatus 1 upon the in-phase correction signal 
output unit 321 and the quadrature correction signal output unit 32Q being 
caused to operate. On this occasion, the in-phase DC voltage signal output 
unit 421, the quadrature DC voltage signal output unit 42Q, and the 
optimum voltage deciding part 64 are caused not to operate. 

The in-phase correction signal output unit 321 adds an in-phase 
correction signal VI to the I signal via the resistor 341. The quadrature 
correction signal output unit 32Q adds a quadrature correction signal VQ to 
the Q signal via the resistor 34Q. 

Waveforms of the in-phase correction signal VI and the quadrature 
correction signal VQ are shown in FIG. 3. The in-phase correction signal 
and the quadrature correction signal are respectively represented as VI = 
Vref cos <t> , and VQ = Vref sin (/> . The phase of the in-phase correction signal 
VI and the phase of the quadrature correction signal VQ are different from 
each other by 90 degrees. It should be noted that only values at <#n = 
45°x(n-l) (n: an integer from 1 to 8) may be used as the in phase correction 
signal VI and the quadrature correction signal VQ, each of which has a 
voltage in form of a sinusoidal wave. For example, (VI, VQ) may be changed 
as (Vref, 0), (0.5V2Vref, 0.5V2Vre£), (0, Vre£), ... . 

The low-pass filter 121 removes a higher harmonic component mixed 
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in an in-phase correction user signal obtained by adding the in-phase 
correction signal VI to the I signal (in-phase user signal). The low-pass 
filter 12Q removes a higher harmonic component mixed in a quadrature 
correction user signal obtained by adding the quadrature correction signal 
VQ to the Q signal (quadrature user signal). 

The in phase multiplier 141, the quadrature multiplier 14Q, the local 
oscillator 16, the 90° phase shifter 17, the adder 18, the amplifier 19, the 
low-pass filter 20, and the amplifier 22 operate as described with reference to 
FIG. 1. 

The register 54 receives the output of the amplifier 22. 

The power detector (output voltage measuring means) 56 receives the 
output of the amplifier 22 via the register 54, and then measures the voltage. 
A description will now be given of the output voltage of the amplifier 22 
measured by the power detector 56. This voltage measurement is to 
measure the output voltage of the adder 18. 

First, it is assumed that the voltage of the in-phase correction signal 
VI is represented as I, and the voltage of the quadrature correction signal VQ 
is represented as Q. If the output of the amplifier 22 is represented as r(t), 
and an IQ quadrature phase error is represented as 0, r(t) is represented as* 

r(t) = Icosan + Qsin(a>t+6?) = (I+Qsin60cosa>t + (Qcos£)sincc>t 

The output voltage V of the amplifier 22 measured by the power 
detector 56 is determined by an amplitude of r(t), and is thus represented as* 
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V = ((I+Qsin60 2 + (QcosS) 2 ) 1 ' 2 

On this occasion, if amplitude errors caused by the in-phase 
multiplier 141 and the quadrature multiplier 14Q are respectively 
represented as i and q, I is represented as rVrefcos<#, and Q is represented 
as q-Vref sin (f> . If Vref = 1, the output voltage V is then represented as- 

V = (dcos (/> +qsin <j> sin 6 ) 2 + (qsin </> cos 0 ) 2 ) 1/2 

If the IQ quadrature phase error 0 = 0, and i = q = 1.0 (no amplitude 
errors), the output voltage V is then represented as- 

V = ((icos 0) 2 + (qsin 0) 2 )i> 2 = ((cos 0) 2 + (sin 0) 2 ) 1/2 = 1.0 

FIG. 4 shows a relationship between the output voltage V and the 
phase <f> (phase of the in-phase correction signal VI and the quadrature 
correction signal VQ) of the amplifier 22 if 0 = 0, and i = q = 1.0 (no errors). 
In FIG. 4, the voltage V is represented by a distance from the origin, and the 
phase 0 is represented as an angle with respect to a vertical axis (note that 
the angle increases clockwise). As shown in FIG. 4, if there are no errors, a 
trajectory of the voltage V presents a perfect circle with a radius of 1.0 about 
the origin. 

However, if there are the amplitude errors, the voltage V presents an 
ellipsoidal trajectory, if there is further the IQ quadrature phase error 0, the 
ellipsoid is tilted, and if there are still further offset errors caused by the 
in-phase multiplier 141 and the quadrature multiplier 14Q, the center of the 
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ellipsoid is deviated from the origin. 

Thus, the trajectory of the voltage V generally presents a tilted 
elhpsoid deviated from the origin as shown in FIG. 5. 

The low-pass filter 58 removes a higher harmonic component mixed 
in an output of the power detector 56. 

The A/D converter 60 converts an output (which is an analog signal) 
of the lowpass filter 58 into a digital signal. 

The error determining part 62 determines the errors of the 
quadrature modulation based upon the output of the A/D converter 60. 

The trajectory of the voltage V as shown in FIG. 5 is obtained based 
upon the output of the A/D converter 60. It should be noted that the 
trajectory of the voltage V shown in FIG. 5 has a length of the major axis 2a, 
a length of a minor axis 2b, and a tilt angle of the axes a. Therefore, it is 
possible to determine the amplitude error i of the I signal and the amplitude 
error q of the Q signal based upon the lengths of the major axis and the 
minor axis of the trajectory (ellipsoid) of the voltage V as shown in FIG. 5. 
Moreover, it is possible to determine the IQ quadrature phase error 0 based 
upon the tilt of the trajectory (ellipsoid) of the voltage V. Further, it is 
possible to determine the offsets of the I signal and the Q signal based upon 
the deviations of the center of the trajectory (ellipsoid) of the voltage Vin the 
directions of the horizontal axis and the vertical axis. 

Following values may be obtained as errors derived from these 
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errors. 

Image rejection A- (a-b)/(a+b) 

Gain error G: (l+A 2 -2Acos(2 a))/(l+A 2 +2Acos(2 a)) 
Phase error: arctan((2Asin(2 a))/(l-A 2 )) 

FIG. 6 is a functional block diagram showing a configuration of the 
quadrature modulation apparatus 1 upon the in-phase DC voltage signal 
output unit 421 being caused to operate. On this occasion, all the in-phase 
correction signal output unit 321, the quadrature correction signal output 
unit 32Q, the quadrature DC voltage signal output unit 42Q, and the error 
determining part 62 are caused not to operate. 

The in-phase DC voltage signal output unit 421 generates an offset 
user signal by adding a DC voltage signal (voltage^ Av) to the output of the 
low-pass filter 121 via the resistor 441. The in-phase multiplier 141 outputs 
a conversion signal by mixing the output of the local oscillator 16 with the 
offset user signal. It should be noted that a local signal is not supplied to 
the quadrature multiplier 14Q. As a result, a signal is not output from the 
quadrature multiplier 14Q. 

The local oscillator 16, the 90° phase shifter 17, the adder 18, the 
amplifier 19, the low-pass filter 20, and the amplifier 22 operate as described 
with reference to FIG. 1. 

The register 54 receives the output of the amplifier 22. 

The power detector 56 receives the output of the amplifier 22 via the 
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register 54, and then measures the voltage. This voltage measurement is to 
measure the voltage of the conversion signal output from the in-phase 
multiplier 141. A description will now be given of the output voltage of the 
amplifier 22 measured by the power detector 56. 

The output voltage of the amplifier 22 measured by the power 
detector 56 is a local leak of the in-phase multiplier 141. The local leak is a 
type of an error, and it is desirable that the local leak is small. On this 
occasion, the local leak varies according to the voltage AV of the DC voltage 
signal. Namely, as shown in FIG. 7, the local leak takes the minimum value 
at AV = AVo. AVo is referred to as an optimum voltage. If the AVo is 
supplied in order to minimize the local leak, the linearity of the in-phase 
multiplier (mixer) 141 becomes optimum. 

The optimum voltage deciding part 64 decides the optimum voltage 
AVo based upon the output of the A/D converter 60. The optimum voltage 
deciding part 64 then controls the in-phase DC voltage signal output unit 421 
so that AV = AVo. The in-phase DC voltage signal output unit 421 adds an 
optimum DC voltage signal (voltage AV = AVo) to the I signal which has 
passed the low-pass filter 121. 

It should be noted that a local leak of the quadrature multiplier 14Q 
can be reduced in a similar manner. Namely, the quadrature DC voltage 
signal output unit 42Q is caused to operate, the in-phase correction signal 
output unit 321, the quadrature correction signal output unit 32Q, the 
in phase DC voltage signal output unit 421, and the error determining part 
62 are caused not to operate, further a local signal is not supplied to the 
in-phase multiplier 141, and the optimum voltage deciding part 64 decides a 
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value of AV which minimizes the local leak (optimum voltage AVo) based 
upon the output of the A/D converter 60. The optimum voltage deciding 
part 64 then controls the quadrature DC voltage signal output unit 42Q so 
that AV = AVo. The quadrature DC voltage signal output unit 42Q adds an 
optimum DC voltage signal (voltage AV = AVo) to the Q signal which has 
passed the low-pass filter 12Q. 

A description will now be given of an operation of the embodiment of 
the present invention with reference to a flowchart in FIG. 8. 

First, the in-phase correction signal output unit 321 and the 
quadrature correction signal output unit 32Q are caused to operate (S10) 
(Refer to FIG. 2). 

As a result, the in-phase correction user signal is obtained by adding 
the in-phase correction signal VI output from the in-phase correction signal 
output unit 321 to the I signal (in-phase user signal). The higher harmonic 
component mixed in the in-phase correction user signal is removed by the 
low pass filter 121. Then, the in-phase correction user signal is mixed with 
the output of the local oscillator 16 by the in-phase multiplier 141 to obtain 
the in-phase conversion signal. 

Moreover, the quadrature correction user signal is obtained by 
adding the quadrature correction signal VQ output from the quadrature 
correction signal output unit 32Q to the Q signal (quadrature user signal). 
The higher harmonic component mixed in the quadrature correction user 
signal is removed by the low-pass filter 12Q. Then, the quadrature 
correction user signal is mixed with the output of the 90° phase shifter 17 by 
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the quadrature multiplier 14Q to obtain the quadrature conversion signal. 

The in-phase conversion signal is added to the quadrature conversion 
signal by the adder 18. Further, the output of the adder 18 is amplified by 
the amplifier 19. The mixed higher harmonic component is removed from 
the output of the amplifier 19 by the low-pass filter 20, and the output is 
then amplified by the amplifier 22. The output of the amplifier 22 is the RF 
signal. 

The RF signal is supplied to the power detector 56 via the resistor 54. 
The power detector 56 measures the output voltage of the amplifier 22 (S12). 

The higher harmonic component is removed from the measurement 
result by the low-pass filter 58, and the measurement result is then 
converted into the digital signal by the A/D converter 60, and is then 
supplied to the error determining part 62. 

The error determining part 62 determines the errors relating to the 
amplitudes, the orthogonality, and the offsets (including the image rejection, 
the gain error, and the phase error) based upon the relationship between the 
output voltage V and the phase <f> (the phase of the in-phase correction 
signal VI and the quadrature correction signal VQ) of the amplifier 22 (refer 
to FIGS. 4 and 5) (S14). 

The errors obtained in this manner can be removed upon the 
quadrature modulation being carried out by the in-phase multiplier 141 and 
the quadrature multiplier 14Q. 
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The in-phase DC voltage signal output unit 421 is then caused to 
operate (S20) (refer to FIG. 6). 

The mixed higher harmonic component is removed from the I signal 
(in-phase user signal) by the low-pass filter 121, and the DC voltage signal 
(voltage- AV) output from the in-phase DC voltage signal output unit 421 is 
then added to the I signal to obtain the offset user signal. The in-phase 
multiplier 141 outputs the conversion signal by mixing the output of the local 
oscillator 16 with the offset user signal. 

The conversion signal passes the adder 18 (no signal is output from 
the quadrature multiplier 14Q). Further, the output of the adder 18 is 
amplified by the amplifier 19. The mixed higher harmonic component is 
removed from the output of the amplifier 19 by the low-pass filter 20, and the 
output is then amplified by the amplifier 22. 

The output of the amplifier 22 is supplied to the power detector 56 
via the resistor 54. The power detector 56 measures the output voltage of 
the amplifier 22 (S22). This measurement result is the local leak of the 
in-phase multiplier 141. 

The higher harmonic component is removed from the measurement 
result by the low-pass filter 58, and the measurement result is then 
converted into the digital signal by the A/D converter 60, and is supplied to 
the optimum voltage deciding part 64. The optimum voltage deciding part 
64 decides the value of AV which minimizes the local leak, namely the 
optimum voltage AVo (refer to FIG. 7) (S24). 
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The quadrature DC voltage signal output unit 42Q is then caused to 
operate (S30). 

The mixed higher harmonic component is removed from the Q signal 
(quadrature user signal) by the low-pass filter 12Q, and the DC voltage 
signal (voltage : AV) output from the quadrature DC voltage signal output 
unit 42Q is then added to the Q signal to obtain the offset user signal. The 
quadrature multiplier 14Q outputs the conversion signal by mixing the 
output of the 90° phase shifter 17 with the offset user signal. 

The conversion signal passes the adder 18 (no signal is output from 
the in -phase multiplier 141). Further, the output of the adder 18 is 
amplified by the amplifier 19. The mixed higher harmonic component is 
removed from the output of the amplifier 19 by the low-pass filter 20, and the 
output is then amplified by the amplifier 22. 

The output of the amplifier 22 is supplied to the power detector 56 
via the resistor 54. The power detector 56 measures the output voltage of 
the amplifier 22 (S32). This measurement result is the local leak of the 
quadrature multiplier 14Q. 

The higher harmonic component is removed from the measurement 
result by the low-pass filter 58, and the measurement result is then 
converted into the digital signal by the A/D converter 60, and is then 
supplied to the optimum voltage deciding part 64. The optimum voltage 
deciding part 64 decides the value of AV which minimizes the local leak, 
namely the optimum voltage AVo (refer to FIG. 7) (S34). 
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The optimum voltage deciding part 64 causes the in-phase DC 
voltage signal output unit 421 to output the optimum DC voltage signal of 
the optimum voltage AVo decided for the in phase multiplier 141. Moreover, 
the optimum voltage deciding part 64 causes the quadrature DC voltage 
signal output unit 42Q to output the optimum DC voltage signal of the 
optimum voltage AVo decided for the quadrature multiplier 14Q. As a 
result, it is possible to restrain the local leaks of the in-phase multiplier 141 
and the quadrature multiplier 14Q upon the quadrature modulation being 
carried out by the in-phase multiplier 141 and the quadrature multiplier 
14Q. 

According to the embodiment of the present invention, the error 
determining part 62 can determine the amplitude errors, the IQ quadrature 
phase error, and the offsets based upon the measurement result of the 
voltage of the RF signal obtained by means of the quadrature modulation. 
It is thus possible to correct the RF signal without the quadrature 
demodulation. 

Moreover, the optimum voltage deciding part 64 can decide the 
voltage AVo (optimum voltage) of the DC voltage signal which can minimize 
the local leaks of the in-phase multiplier 141 and the quadrature multiplier 
14Q based upon the measurement results of the voltage of the RF signals 
obtained by means of the quadrature modulation. It is thus possible to 
correct the RF signal without the quadrature demodulation. 

Moreover, the above-described embodiment may be realized in the 
following manner. Namely, a computer is provided with a CPU, a hard disk, 
and a media (such as a floppy disk (registered trade mark) and a CD-ROM) 
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reader, and the media reader is caused to read a medium recording a 
program realizing the above-described respective parts (such as the error 
determining part 62 and the optimum voltage deciding part 64), thereby 
installing the program upon the hard disk. This method may also realize 
the above- described embodiment. 
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